METHODS

BIOWATT STUDY REGION
, and a pulsed electrode dissolved oxygen sensor [Langdon, 1984] . Antifoulants were applied to to the various components of the system. A clear antifoulant OMP-8, which is an organo-metallo-polymer, was applied to the optical sensors, and Aquatek was used for the dissolved oxygen electrodes. The advantages and disadvantages of The basic development philosophy for the system was to utilize state-of-the-art sensors and a data acquisition system that had been well tested and successfully deployed in the field and to measure key physical and bio-optical variables at a high sampling frequency. A schematic of the MVMS and the Biowatt mooring is shown in [ Dean and Beardsley, 1988; Weller et al., 1990] . The meteorological data (using 7.5 rain averages) were used to determine the fluxes of momentum, heat, and light across the airwater 'nutefface. Wind stress and heat fluxes were computed using the procedures of Liu et al. [1984] and the drag coefficients of Kondo [1975] Broadband data are not presented here for the sake of brevity. Data in all figures have been band passed by convolving the data using a Gaussian window (either 2 or 24 hours). This method was selected because of its excellent frequency response characteristics and minimal aliasing effect. The autospectra of several physical and bio-optical variables have been determined (Figures 1 la through 1 If) using standard signal processing techniques. The data records for each variable were divided into overlapping ensembles of 8192 points (corresponding to 22.76 days) which increased the confidence of the spectral estimates while still allowing examination of lowerfrequency (i.e., mesoscale) events. In addition, the spectra were smoothed at frequencies greater than the semidiurnal frequency using band averaging. The diurnal (D), semidiurnal (SD), and local inertial (I) frequencies have been indicated. The two components of the current and wind data represent a vector time series and have been combined and then resolved into clockwise (CW) and counterclockwise (CCW) components [e.g., Gonella, 1972].
OBSERVATIONS
The present observations were made at the LOTUS (Long-Term Upper-Ocean Study) site (34øN, 70øW; see Figure 1 ), which was selected because of its geographic accessibility, the availability of historical and recent physical [e.g., Bunker, 1975 Bunker, , 1976 Siegel et al., 1990 ] data in the general vicinity of the site. The selection of the site was also motivated by the desire to observe intermittent and seasonal changes (e.g., wind events, the spring bloom of phytoplankton, etc.), identified as energetic components in the historical data bases.
The Sargasso Sea is characterized by a variety of oceanic and atmospheric conditions. Among these are (1) the daily and seasonal heating cycle, (2) episodic wind forcing associated with frontal passages and on occasion hurricanes, (3) internal gravity waves and tides, (4) small-scale mixing events associated with atmospheric forcing and current shears, and (5) advectively forced variability SUch as cold core rings and warm water outbreaks associated with the Gulf Stream. The occurrences of the latter mesoscale features are of particular interest in the context of time series observations from a fixed mooring, since they are known sources of ecological variability.
To facilitate interpretation, the data were subdivided into six observational periods which were selected on the basis of either temperature structure, current regime, or bio-optical properties.
Satellite images from the advanced very high resolution radiometer Figures 9b, 9c, 10e, and 10f) ; however, the magnitudes of the changes are greatest within the upper 40m. This bio-optical episode coincides with the onset of stratification.
The currents are very low just prior to the bloom episode, suggesting that the feature may have been local in origin. After beam attenuation and chlorophyll fluorescence peak, there is a rapid decrease in these variables followed by a general increase (most rapid for beam attenuation). The large episode appears to be reflected in all near surface bio-optical variables measured with the MVMS and in the spectral diffuse attenuation coefficient data taken simultaneously with the BOMS [Smith et al., this issue]. The BOMS spectral diffuse attenuation coefficient time series were computed using spectral downwelling (vector) irradiance with instruments located at 33 and 52 m. Two alternate hypotheses for the large bloom episode (~JD 86) and its cessation are presented in the discussion section.
The diurnal rhythm continues as a major feature in the biooptical variables (beam attenuation and chlorophyll fluorescence) in the upper layer (Figures 8 and 9) . On ID 86, the diurnal variability is greatly enhanced for 2 days coinciding with the rapid onset of stratification. Again, this rhythm is most pronounced at depths shallower than 100 m. The phase relationships between beam attenuation, dissolved oxygen, and chlorophyll fluorescence generally remain unaltered from those observed during period 2.
Period 4.' Julian Days 102-106, April 12 to 16, 1987
The springtime stratification persists during period 4; however, the variations are complex because both warm outbreak waters and cooler Sargasso Sea waters are observed during this period ( Figure  3 An alternate explanation is that waters of some undefined horizontal scale and characterized by high stratification and biomass may have advected past the mooring site. The currents are quite uniform with depth, so advection of high biomass waters past the mooring site would result in nearly simultaneous changes in chlorophyll fluorescence and beam attenuation at depths within the euphotic zone. This effect could be manifest in an increase in biomass followed by a decrease. It is evident from the time series of temperature for the entire observational period, except for period 2, that advective processes are occasionally important on time scales of several days. However, neither the NOAA sea surface temperature maps nor the specific AVHRR imagery indicate that the mooring is influenced by a mesoscale feature prior to or during this bloom episode. Again, the current meter data indicate very low currents. If a high-biomass patch of water were advected past the mooring, it would have necessarily been quite small in horizontal scale. For example, taking the episode duration to be 2 days and the mean advection to be 1 -5 cm s-1 then the horizontal scale would have been -2 -9 km. The process of ventilation of 18 ø waters may occur with considerable horizontal heterogeneity, and historical satellite imagery of ocean color suggests that the surface manifestation of the spring bloom is generally quite patchy. The advection of such small-scale patchy waters past the mooting could possibly explain the early bloom episodes.
In-depth analyses and modeling are needed for us to understand what critical physical and biological conditions led to the episodes. However, one important aspect is the intermittent nature and very short time scale of the bloom process (<2 days) which would be virtually impossible to observe with conventional sampling instruments and strategies. Further, the need for current measurements is clear. Finally, it is possible that diurnal phase changes in bio-optical variables may be useful for determining the timing of phytoplankton successions and for monitoring local photosynthetic activity [Hamilton et al., 1990] .
Overall, the first deployment data show considerably more physical and bio-opfical variability than those of the two later deployments because of the dynamic springtime shoaling of the mixed layer and the accompanying phytoplankton bloom and more mesoscale variability associated with Gulf Stream cold core tings and warm outbreak waters. The spectral characteristics of internal gravity waves, generally with frequencies bound by the local buoyancy frequency and the inertial frequency, have been the subject of numerous observations and models. Virtually all of this work has been limited to physical data, particularly currents and temperature. The present data set allows us to consider variability in bio-optical properties associated with internal gravity waves as well.
The rotary spectra for currents show energy near the local inertial frequency to be dominated by a clockwise rotation as expected for inertial motion in the northern hemisphere. There are some characteristics of these rotary spectra (Figures 1 lb and 11c) which should be noted. The average energy contained in the inertial frequency band is lower than that found in the rotary current spectra of Briscoe and Weller [ 1984] , who used vector measuring current meters during the LOTUS experiment (same location as our mooring site). However, their result was obtained using an 11-month time series. Rotary spectra for the second and third deployments (not shown here) of the B iowatt experiment (corresponding to JD 135 -325) give results for the inertial peak which are of the same order of magnitude as those obtained by Briscoe and Weller [1984] . In addition to a reduced inertial response, the first-deployment current spectra indicate the presence of more energy in the low-frequency mesoscale bands than is observed in the two later deployments. These same characteristics for the spring -early summer time frame were reported for the current power spectra determined with current profilers by Eriksen [1988] , who conducted two 3.5-month time series (spring -summer and fall -winter) as part of LOTUS. The seasonal variability in the physical parameters and their interaction with the local ecological system are being studied presently.
Changes in the beam attenuation coefficient are caused primarily by variations in particle concentrations, whereas changes in chlorophyll fluorescence are caused primarily by variations in chlorophyll pigment concentrations and phytoplankton light physiology or quantum efficiency [Kiefer et al., 1989 ]. The temporal variability of these quantities in the internal gravity wave frequency domain, as measured from a mooring, is expected to be dependent on the vertical displacement of their vertical distributions. A spectral power law can be determined from the slope of the log of the variance/unit frequency of the parameter of interest with respect to the log of the frequency. The power law relation developed by Garrett and Munk [ 1972] for currents and temperature indicates that the spectral energy density is inversely proportional to the square of the frequency in a frequency domain somewhat greater than the inertial frequency (here 43.05 cph) and less than the buoyancy frequency (here 2 -7 cph). The power law formalism is useful in that it characterizes the rate of transfer of internal wave energy between scales, generally from large scales (low frequencies) to smaller scales (high frequencies). Our spectra for currents, temperature, and beam transmission are in good agreement with this -2 power law. However, a power of--1.6 is obtained for chlorophyll fluorescence and dissolved oxygen (not shown here). It may be argued that beam attenuation is generally acting as a passive scalar tracer, as is temperature, for the time scales relevant to internal gravity waves. Chlorophyll fluorescence measurements are subject to complications associated with time scale variability related to processes such as photoadaptation and photoinhibition and their response to light field changes due to the internal gravity wave field. The spectra of the several variable fields will be considered in more detail in a separate paper.
The The results presented here and by Smith eta/. [this issue] provide new and unique infomarion concerning the springtime evolution of bio-optical and physical properties of the upper ocean in the Sargasso Sea. The high temporal resolution observations obtained using the MVMS and the BOMS will enable much higher levels of analysis and model testing than were possible for our predecessors. Our results indicate that undersampling (and aliasing) should be of considerable concern to researchers who desire to understand the dynamical changes of bio-optical properties, primary productivity, and carbon fluxes of the upper ocean on time scales ranging from minutes to decades. In particular, use of biweekly subsampled data (e.g., as sampled by Ryther [1960, 1961] and others restricted to shipboard measurements) for determinations of biomass, primary production, and carbon export would result in significant underestimates for most of the observational period described here [Dickey, 1991] 
